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(54) Hydrogen purifying apparatus 



(57) The present invention relates to a hydrogen pu- 
rifying apparatus for oxidizing and removing CO in a re- 
formed gas containing CO in addition to a main compo- 
nent of hydrogen gas, comprising a reaction segment 
(9) having a catalyst layer (1) for oxidizing CO, a re- 
formed gas supplying segment (2) for supplying the re- 
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formed gas to the reaction segment via a reformed gas 
supply pathway, and an oxidant gas supplying segment 
(3) for supplying an oxidant gas on the path of the re- 
formed gas supply pathway. The apparatus further com- 
prises means for cooling the catalyst layer at the up- 
stream side (7) and means for heating the catalyst layer 
at the downstream side (8). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a hydrogen 
purifying apparatus for use in fuel cells such as solid 
polymer electrolyte fuel cell. More specifically, the 
present invention relates to a hydrogen purifying appa- 
ratus for reducing a concentration of carbon monoxide 
in a reformed gas containing gaseous hydrogen and 
carbon monoxide. 

[0002] As the fuel gas for use in fuel cells, a reformed 
gas is used which can be obtained by reforming a ma- 
terial, such as hydrocarbon including natural gas, alco- 
hol including methanol, or naphtha, with a steam or wa- 
ter vapor. Such reformed gas normally contains byprod- 
ucts including carbon monoxide and carbon dioxide in 
addition to hydrogen gas. 

[0003] Fuel cells which can operate at high tempera- 
tures, such as molten carbonate fuel cell, can even uti- 
lize carbon monoxide as a fuel. However, for fuel cells 
with lower operating temperatures, such as phosphoric 
acid fuel cell and solid polymer electrolyte fuel cell, the 
presence of a high concentration of carbon monoxide in 
the reformed gas is poisonous to any platinum group 
metallic catalyst which is utilized by an electrode of the 
cell. As a result, such cell can not exert satisfactory elec- 
tric power generating performance. For the solid poly- 
mer electrolyte fuel cell in particular, the electrode cat- 
alyst is poisoned with carbon monoxide in a relatively 
short time even if the concentration of carbon monoxide 
in the reformed gas is as low as 50 ppm or so, producing 
rapid impairment of the electric power generating per- 
formance of the cell. 

[0004] Therefore, carbon monoxide is removed by ox- 
idizing it using a platinum group metallic catalyst after 
reducing the concentration of carbon monoxide in the 
reformed gas with a carbon monoxide modifying or 
metamorphic catalyst. 

[0005] An example of the method for removing carbon 
monoxide by oxidation is to oxidize only carbon monox- 
ide selectively at low temperature using a catalyst car- 
ryed on the carrier alumina a known activator platinum 
or rhodium, thereby removing the carbon monoxide (see 
Japanese Laid-Open Patent Publication No. Hei 
5-201702, for example). 

[0006] As an alternative, there is a method which pro- 
vides an oxidation catalyst of carbon monoxide on the 
flow pathway of the reformed gas toward the fuel cell 
and then introduces open air in order to supply sufficient 
amounts of oxygen (oxidant) to the reformed gas, there- 
by effectively oxidizing and removing carbon monoxide 
(see Japanese Laid-open Patent Publication No. Hei 
9-504901 , for example). 

[0007] According to the methods, the concentration of 
carbon monoxide in the reformed gas can be reduced 
to as low as 10 ppm or so which is lower than the poi- 
sonous concentration to the electrode catalyst. 



[0008] However, under practical use conditions, since 
the concentration of carbon monoxide in the reformed 
gas changes as the amount of reformed gas supplied to 
the fuel cell changes, it is necessary to control the sup- 
5 plying amount of open air as appropriate. However, the 
oxidation reaction of carbon monoxide in the presence 
of oxidation catalyst accompanies heat generation (ex- 
othermic reaction) and thus alters the temperature of the 
electrode catalyst when the supplying amount of open 
io air to the reformed gas is varied. There is a problem in 
the prior art methods that when the catalyst temperature 
is altered and reaches outside the optimal temperature 
range of the catalyst activity, oxidation and removal of 
carbon monoxide becomes unsatisfactory. 
is [0009] Another problem is that excess supply of open 
air increases the amount of heat generated by the oxi- 
dation catalyst and elevates the temperature of the cat- 
alyst. Heat generation is concentrated particularly at the 
catalyst close to the side into which the reformed gas is 
introduced, producing a high temperature around there 
in a short time. Since hydrogen is more reactive to the 
catalyst than carbon monoxide, the oxygen supplied as 
an oxidant is mostly consumed for oxidizing hydrogen 
rather than carbon monoxide, if the catalyst has a high 
temperature. As a result, the catalyst loses the ability to 
selectively oxidize carbon monoxide. 
[001 0] Under such circumstances, it is essential in the 
hydrogen purifying apparatus to control the catalyst 
temperature in a range at which carbon monoxide read- 
ily reacts with the catalyst but hydrogen does not. In oth- 
er words, reduction in the change, particularly elevation 
of catalyst temperature is required. 
[0011] The most efficient temperature for oxidizing 
carbon monoxide is a critical low temperature at which 
carbon monoxide can react with the catalyst. However, 
control of the temperature of the oxidation catalyst which 
selectively oxidizes carbon monoxide by regulating the 
amount of reformed gas to be supplied to the fuel cell 
or by cooling the catalyst eventually excretes drastic 
amounts of carbon monoxide upon only a slight de- 
crease of the temperature. Therefore, the prior art meth- 
ods required control of the temperature within a range 
of several to several tens degrees centigrade higher 
than the critical low temperature, in consideration of the 
flow rate of the reformed gas and possible changes in 
the catalyst temperature. As such, the conventional 
methods have met difficulties considerably in achieving 
selective and efficient oxidation of carbon monoxide. 
[0012] Furthermore, the oxygen supplied is constant- 
ly consumed for oxidizing hydrogen gas as the fuel while 
being consumed for oxidizing carbon monoxide. This 
means that there is a need to reduce the supplying 
amount of open air to a minimum. However, if the cata- 
lyst is elevated in temperature when the oxygen amount 
in hydrogen gas is insufficient due to down-regulated 
amounts of open air to be supplied, production of carbon 
monoxide proceeds due to reaction equilibrium between 
the carbon dioxide and hydrogen. Therefore, the air to 
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be supplied must be controlled exactly and precisely to 
a right amount. In order to satisfy the above require- 
ment, the conventional hydrogen purifying apparatus 
has a problem that it is inevitably complicated in struc- 
ture. 

[0013] In view of the above-mentioned various facts, 
the aim of the present invention is to provide a hydrogen 
purifying apparatus in which the catalyst for selectively 
oxidizing carbon monoxide can exert its effect sufficient- 
ly and the concentration of carbon monoxide in the re- 
formed gas can be reduced constantly and stably even 
when the used conditions of the apparatus, such as tem- 
perature, amounts of open air to be supplied and 
amounts of carbon monoxide to be treated are varied. 

BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention relates to a hydrogen 
purifying apparatus for oxidizing and removing carbon 
monoxide (CO) in a reformed gas containing CO in ad- 
dition to a main component of hydrogen gas, comprising 
a reaction segment having a catalyst layer for oxidizing 
CO, a reformed gas supplying segment for supplying the 
reformed gas to the reaction segment via a reformed 
gas supply pathway, an oxidant gas supplying segment 
for supplying an oxidant gas on the path of the reformed 
gas supply pathway, means for cooling the catalyst layer 
at the upstream side, and means for heating the catalyst 
layer at the downstream side. 

[0015] In a preferred mode of the present invention, 
the means for cooling the catalyst layer at the upstream 
side is a water-cooled apparatus and the means for 
heating the catalyst layer at the downstream side is a 
heater. 

[0016] In another preferred mode of the present in- 
vention, the upstream side of the catalyst layer is formed 
by a different catalyst from that of the downstream side, 
and the catalyst constituting the downstream side exerts 
the activity at lower temperature than the catalyst con- 
stituting the upstream side. 

[0017] In a further preferred mode of the present in- 
vention, the reaction segment may further comprise two 
or more catalyst layers. In such case, it is preferable to 
provide each catalyst layer with an oxidant gas supply- 
ing segment. 

[0018] In a still further preferred mode of the present 
invention, the catalyst layer carries a catalyst on a car- 
rier having a honeycomb structure or a foamed structure 
with communicating pores. 

[001 9] The catalyst layer is preferably supported by a 
metallic material. 

[0020] The heating means is preferably one which uti- 
lizes reaction heat generated by reaction of CO and hy- 
drogen in the reformed gas with the oxidant gas. 
[0021] It is desirable for the catalyst layer that the 
downstream side has a higher temperature than the up- 
stream side. 

[0022] In a still further preferred mode of the present 



invention, the hydrogen purifying apparatus further 
comprises means for changing the supplying amount of 
the oxidant gas according to a temperature of the cata- 
lyst layer. 

s [0023] In a still further preferred mode of the present 
invention, the hydrogen purifying apparatus is provided 
with a flow pathway of the reformed gas at a position 
close to or in close contact with the catalyst layer via a 
partition so as to heat said downstream side of said cat- 
io alyst layer by a contact with said reformed gas before 
the passage through the cooling means. 
[0024] It is desired that the reformed gas passes 
through the catalyst layer in an opposing direction of 
stream to that before the same passes through the cool- 
's ing means. 

[0025] It is further desired that the reaction segment 
is placed on the periphery of the flow pathway of the 
reformed gas before the passage through the catalyst 
layer. 

[0026] It is also preferred that the reaction segment is 
tube-shaped and the flow pathway of the reformed gas 
before the passage through the cooling means is formed 
around the reaction segment. 

[0027] It is also preferable to connect two or more re- 
action segments in parallel. 

[0028] In a further preferred mode of the present in- 
vention, the hydrogen purifying apparatus is provided 
with a branched pathway which bifurcates downstream 
from the connection between the reformed gas supply 
pathway and the oxidant gas supply pathway and is con- 
nected to the reaction segment at the middle point of the 
catalyst layer, the branched pathway acting as the 
means for cooling the upstream side of the catalyst layer 
or otherwise heating the downstream side of the catalyst 
layer. 

[0029] In the above case, the hydrogen purifying ap- 
paratus preferably further comprises means for chang- 
ing the cross-sectional area of the reformed gas supply 
pathway and the branched pathway at their connection 
to the reaction segment in order to control the amount 
of reformed gas to be supplied to the reaction segment 
from the reformed gas supply pathway and the 
branched pathway. 

[0030] It is desirable that the reaction segment has at 
least a two-segmented catalyst layer and at least the 
uppermost catalyst layer has a part with no catalytic 
function or a part with low reactivity to CO. 
[0031] It is also desirable the reaction segment has at 
least a two-segmented catalyst layer, and at least the 
uppermost catalyst layer is composed of a catalyst pellet 
and the lowermost catalyst layer is in the form of a hon- 
eycomb. 

[0032] It is further desirable that the reaction segment 
has at least a two-segmented honeycomb shaped cat- 
alyst layer, and the uppermost catalyst layer is larger 
than the lowermost catalyst layer with respect to an 
open area at the honeycomb lattice. 
[0033] It is preferred that the uppermost catalyst layer 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 976 679 A1 



6 



comprises a platinum group metal supported by the alu- 
mina group materia! and the lowermost catalyst layer 
comprises a platinum group metal supported by the ze- 
olite group material. 

[0034] The uppermost catalyst layer preferably com- 
prises a catalyst which was heated at a higher temper- 
ature than that of the lowermost catalyst layer. 
[0035] It is preferable for the catalyst layer to have a 
temperature measuring apparatus and means for con- 
trolling the supplying amount of oxidant gas according 
to a temperature as measured. 

[0036] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed de- 
scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0037] FIG. 1 is a schematic cross-sectional view il- 
lustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-1 of the present invention. 
[0038] FIG. 2 is a graph illustrating the relation be- 
tween the operating temperature of the catalyst for se- 
lectively oxidizing CO and the CO concentration in a 
modified gas which has passed through the catalyst lay- 
er obtained from the hydrogen purifying apparatus of 
FIG. 1. 

[0039] FIG. 3 is a schematic cross-sectional view il- 
lustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-2 of the present invention. 
[0040] FIG. 4 is a schematic cross-sectional view il- 
lustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1-3 of the present invention. 
[0041] FIG. 5 is a schematic cross-sectional view il- 
lustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1 -4 of the present invention. 
[0042] FIG. 6 is a graph illustrating the operation char- 
acteristics of a catalyst operating at high temperature 
and a catalyst operating at low temperature in a hydro- 
gen purifying apparatus in the below-mentioned Em- 
bodiment 1-4 of the present invention. 
[0043] FIG. 7 is a schematic cross-sectional view il- 
lustrating a hydrogen purifying apparatus in the below- 
mentioned Embodiment 1 -6 of the present invention. 
[0044] FIG. 8 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embod- 
ied in the below-mentioned Embodiment 2-1 of the 
present invention. 

[0045] FIG. 9 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embod- 
ied in the below-mentioned Embodiment 2-2 of the 
present invention. 

[0046] FIG. 10 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embod- 
ied in the below-mentioned Embodiment 2-3 of the 



present invention. 

[0047] FIG. 11 is a diagrammatic illustration showing 
the structure of a hydrogen purifying apparatus embod- 
ied in the below-mentioned Embodiment 2-4 of the 

5 present invention. 

[0048] FIG. 12 is a diagrammatical illustration show- 
ing the structure of a hydrogen purifying apparatus em- 
bodied in the below-mentioned Embodiment 2-5 of the 
present invention. 

10 [0049] FIG. 13 is a diagrammatical illustration show- 
ing the structure of a hydrogen purifying apparatus em- 
bodied in the below-mentioned Embodiment 2-6 of the 
present invention. 

is DETAILED DESCRIPTION OF THE INVENTION 

[0050] The present invention relates to a hydrogen 
purifying apparatus (or a CO cleanup apparatus) for ox- 
idizing and removing CO in a reformed gas such as a 

20 reformed gas containing CO in addition to a main com- 
ponent of hydrogen gas, comprising a reaction segment 
having a catalyst layer for oxidizing CO, a reformed gas 
supplying segment for supplying the reformed gas to the 
reaction segment via a reformed gas supply pathway, 

25 and an oxidant gas supplying segment for supplying an 
oxidant gas on the path of the reformed gas supply path- 
way. The most characteristic feature of the present in- 
vention is further provisions of means for cooling the cat- 
alyst layer at the upstream side, and means for heating 

30 the catalyst layer at the downstream side. 

[0051] The presence of such means facilitates effi- 
cient oxidation and removal of undesirable CO in the re- 
formed gas. In other words, such means helps the cat- 
alyst which selectively oxidizes CO to exert the ability 

35 sufficiently and to reduce CO concentration in the re- 
formed gas (hydrogen gas containing at least CO in this 
case) stably and constantly even if the use conditions 
of the apparatus, such as temperature, amounts of open 
air to be supplied and amounts of CO to be treated are 

40 varied. 

[0052] Here, the means for cooling the upstream side 
of the catalyst layer and the means for heating the down- 
stream side of the catalyst layer can be embodied in two 
forms. In the following, Embodiment 1 and Embodiment 
45 2 of the present invention will be described. 

Embodiment 1 

[0053] Embodiment 1 of the present invention uses a 
so water-cooled apparatus as the means for cooling the up- 
stream side of the catalyst layer and a heater as the 
means for heating the downstream side of the catalyst 
layer. The use of such means helps the catalyst for se- 
lectively oxidizing only CO to exert the function stably 
55 and facilitates control of the catalyst temperature. 

[0054] In the present embodiment, the means for 
cooling the upstream side of the catalyst layer is prefer- 
ably a water-cooled apparatus and the means for heat- 
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ing the downstream side of the catalyst layer is prefer- 
ably a heater. 

[0055] It is also preferred that the upstream side of 
the catalyst layer is formed by a different catalyst from 
that of the downstream side and that the catalyst con- 
stituting the downstream side of the catalyst layer is ac- 
tivated at a temperature lower than the catalyst consti- 
tuting the upstream side. 

[0056] The reaction segment may have two or more 
catalyst layers. In that case, it is preferable to form the 
oxidant gas supplying segment in each catalyst layer. 
[0057] A preferred configuration of the catalyst layer 
is to carry the catalyst on a honeycomb base or a 
foamed base having communicating pores. In other 
words, the catalyst may be supported by such honey- 
comb base or a foamed base having communicating 
pores. 

[0058] The catalyst layer is preferably composed of a 
metallic base carrying the catalyst thereon. 
[0059] The heating means is preferably such one that 
utilizes reaction heat generated by the reaction of CO 
and hydrogen in the reformed gas with the oxidant gas. 
[0060] It is also preferable to set the temperature of 
the downstream side of the catalyst layer higher than 
that of the upstream side. 

[0061] It is preferable to further provide means for 
changing the amount of oxidant gas to be supplied in 
correspondence with the temperature of the catalyst lay- 
er. 

[0062] The hydrogen purifying apparatus in accord- 
ance with the present invention is preferably provided 
with a flow pathway of the reformed gas at a position 
close to or in close contact with the catalyst layer via a 
partition so as to heat said downstream side of said cat- 
alyst layer by a contact with the reformed gas before the 
passage through the cooling means. 
[0063] It is desired that the reformed gas passes 
through the catalyst layer in an opposing direction of 
stream to that before it passes through the cooling 
means. 

[0064] It is further desired that the reaction segment 
is formed on the periphery of the flow pathway of the 
reformed gas before the passage through the catalyst 
layer. 

[0065] It is also preferred that the reaction segment is 
tube-shaped and the flow pathway of the reformed gas 
before the passage through the cooling means is formed 
around the reaction segment. 

[0066] It is also preferable to connect two or more re- 
action segments in parallel. 

Embodiment 1-1 

[0067] FIG. 1 is a schematic cross-sectional view of 
the hydrogen purifying apparatus in Embodiment 1-1 in 
accordance with the present invention. As shown in FIG. 
1 , the hydrogen purifying apparatus comprises a cata- 
lyst layer 1 , a reformed gas inlet 2, an air supply duct 3, 



an air flow rate control valve 4, a cooled water supply 
duct 5, a cooled water volume control valve 6, a heat 
exchanger 7, a heater 8, a reaction chamber (or reaction 
segment) 9, and a reformed gas outlet 10. 

s [0068] In the following, the operation and the technical 
feature of the present embodiment will be described. 
[0069] When a fuel is reformed with a water vapor, the 
CO concentration in the resultant reformed gas increas- 
es as the reaction temperature is elevated. When the 

10 fuel is methanol which can be reformed at 300 °C or 
lower, the resultant reformed gas has a CO concentra- 
tion of 1% or so. Therefore, the reformed gas can be 
directly introduced through the reformed gas inlet 2. To 
the contrary, when the fuel is methane or natural gas 

is both requiring 600 C or so for causing reaction, the re- 
sultant reformed gas inevitably contains 10% CO or 
more due to equilibrium of aqueous gas shift reaction. 
Therefore, such reformed gas is reduced in the concen- 
tration of CO to 1 % or less by reacting the same with 

20 water vapor using a modifying catalyst to convert CO to 
carbon dioxide and hydrogen before the same is intro- 
duced into the apparatus through the reformed gas inlet 
2. 

[0070] In order to oxidize the CO in the reformed gas, 
25 open air is introduced from the air supply duct 3 to cause 
reaction between the CO and air at the catalyst layer 1 . 
If the introduced air is too little, CO can not react with 
air sufficiently. If the introduced air is excessive, hydro- 
gen consumption increases. Therefore, the air volume 
30 to be supplied is regulated by the air flow rate control 
valve 4 such that oxygen is contained one to threefold 
the amount of CO (volume ratio). The reformed gas 
mixed with air is cooled with the heat exchanger 7 down 
to a temperature at which the activating temperature of 
35 the catalyst, that is, the catalytic activity for CO of the 
catalyst starts to decrease rapidly, or even lower than 
that temperature. Then, the reformed gas is supplied to 
the catalyst layer 1 . 

[0071] The catalyst layer 1 used here is a ceramic 

40 honeycomb base coated with alumina carrying thereon 
platinum. The catalyst layer 1 exhibits the characteris- 
tics as shown in FIG. 2. Namely, since CO in the re- 
formed gas becomes reactive at a lower temperature 
than hydrogen does, the lower the catalyst temperature, 

45 the lower the concentration of CO to be exhausted. If 
the temperature is lowered excessively, the temperature 
becomes lower than the activating temperature of the 
catalyst. As a result, CO becomes nonreactive, which 
results in an abrupt increase of CO to be exhausted. 

50 [0072] The catalyst layer 1 has been controlled such 
that the upstream side has a temperature around or low- 
er than an activating temperature of the catalyst as used 
using the cooling effect of the heat exchanger 7, and the 
temperature increases gradually toward downstream. 

55 This structure enables formation of a temperature zone 
at which CO is most efficiently reacted with the catalyst 
layer. In this way, the CO concentration in the modified 
gas can be reduced to the extent of as low as several 
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ppm which is a level not impairing the performance of 
any solid polymer electrolyte fuel cell. Any change in the 
temperature of the reformed gas or the cooling appara- 
tus more or less would result in a mere shift of the po- 
sition of the above-mentioned temperature zone toward 
upstream or downstream and would not interfere with 
stable removal of CO. 

[0073] In the present embodiment, although open air 
was used as the oxidant gas, the use of pure oxygen 
alleviates the decrease of hydrogen concentration in the 
reformed gas by the amount of nitrogen in open air, be- 
cause pure oxygen contains no nitrogen. This increases 
the electric power generating efficiency of the fuel cell 
which will be connected to the hydrogen purifying appa- 
ratus subsequently. However, the use of open air is gen- 
erally cost-effective. 

[0074] Similarly, in the present embodiment, although 
an electric heater was used for heating the catalyst layer 
1 , oxidation heat generated by CO and hydrogen may 
be used for the means for heating the downstream side 
of the catalyst layer 1 . By controlling the flow rate of the 
reformed gas passing through the catalyst layer 1 and 
the ratio of air to be introduced and by utilizing oxidation 
heat of CO and hydrogen, the temperature distribution 
on the catalyst layer 1 can be optimized without use of 
an electric heater or with the use of minimal heat by a 
heater. 

[0075] CO and hydrogen produce more oxidation 
heat in proportion to the amount of supplied air. There- 
fore, regulation of air volume can retain a suitable tem- 
perature of the catalyst layer 1. This method enables 
more stable function of the catalyst layer 1 . 
[0076] In the present embodiment, although the base 
of the catalyst layer 1 was a codierite honeycomb, any 
metallic base may also be used. The use of such me- 
tallic base for the base of the catalyst layer enables rapid 
escape of reaction heat, thus facilitating reduction of 
temperature rises due to oxidation heat by CO and hy- 
drogen. As a result, treated amounts of reformed gas 
per unit volume by the catalyst layer 1 can be increased 
and the adverse influence of increases or decreases of 
the reaction heat due to changes in load on the hydro- 
gen purifying apparatus can be alleviated, leading to 
stable performance of the apparatus. 

Embodiment 1-2 

[0077] The hydrogen purifying apparatus of Embodi- 
ment 1-2 in accordance with the present invention will 
be described herein. As shown in FIG. 3, the hydrogen 
purifying apparatus in accordance with the present em- 
bodiment comprises a honeycomb catalyst layer 11 
formed inside a tube-shaped reaction chamber 18, a re- 
formed gas flow pathway formed external to the reaction 
chamber 19, and a heat exchange fin 20 provided on a 
wall of the reformed gas flow pathway neighboring the 
downstream side of the catalyst layer 11 . The operation 
and effect of the apparatus of this embodiment are most- 



ly similar to those of the apparatus of Embodiment 1 -1 . 
Therefore, the description of this embodiment will be fo- 
cused on different features from those of Embodiment 
1-1. 

5 [0078] FIG. 3 is a schematic cross-sectional view il- 
lustrating the hydrogen purifying apparatus in Embodi- 
ment 1-2. A provision of the heat exchange fin 20 close 
to the side wall around the downstream side of the cat- 
alyst layer 1 1 helps to heat the downstream side of the 
10 catalyst layer 11. Such structure also facilitates cooling 
the reformed gas by a heat exchanger 17. Moreover, 
since the reformed gas flow pathway thermally insulates 
the catalyst layer 11, the temperature distribution in the 
center and the periphery of the catalyst layer 11 be- 
is comes homogeneous, thereby enabling efficient oxida- 
tion of CO. Due to the structure of the apparatus such 
that the reformed gas passes through the catalyst layer 
11 in an opposing direction of stream to that before pass- 
ing through the heat exchanger 17, the reformed gas at 
elevated temperature can exchange heat with the down- 
stream side of the catalyst layer 1 1 and is cooled. Be- 
cause the reformed gas thus cooled then passes along 
the upstream side of the catalyst layer 11, the tempera- 
ture of the catalyst layer 11 can be lowered at the up- 
stream side and elevated at the downstream side. As a 
result, the temperature distribution can be optimized in 
response to selective oxidation of CO by the catalyst. 
[0079] In the present example, although the reaction 
chamber 18 had a single chamber, it can have two or 
more chambers. In other words, two or more reaction 
segments can be employed. Two or more reaction 
chambers can enhance the efficiency of heat exchange 
with the reformed gas and can cope with a high capacity 
hydrogen purifying apparatus. 

Embodiment 1 -3 

[0080] The hydrogen purifying apparatus of Embodi- 
ment 1 -3 in accordance with the present invention will 
be described herein. As shown in FIG. 4, the hydrogen 
purifying apparatus in accordance with the present em- 
bodiment comprises a reaction chamber 28 formed on 
the periphery of a tube-shaped reformed gas flow path- 
way, a honeycomb catalyst layer 21 formed inside the 
reaction chamber 28, and a heat exchange fin 30 pro- 
vided on a wall of the reformed gas flow pathway neigh- 
boring the downstream side of the catalyst layer 21 . The 
operation and effect of the apparatus of this embodi- 
ment are mostly similar to those of the apparatus of Em- 
bodiment 1 -2. Therefore, the description of this embod- 
iment will be focused on different features from those of 
Embodiment 1-2. 

[0081] FIG. 4 is a schematic cross-sectional view il- 
lustrating the hydrogen purifying apparatus in Embodi- 
ment 1 -3. A provision of the heat exchange fin 30 on the 
wall of the reformed gas flow pathway neighboring the 
downstream side of the catalyst layer 21 helps to heat 
the downstream side of the catalyst layer 21 while cool- 
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ing the reformed gas. Such structure also facilitates 
cooling by a heat exchanger 27. In the event that the 
flow rate of the reformed gas is increased, cooling only 
by the heat exchanger proves insufficient occasionally 
when the temperature is elevated greatly due to oxida- 
tion heat by CO and hydrogen. However, the structure 
of the apparatus of this embodiment where heat is radi- 
ated from the periphery of the reaction chamber 28 en- 
ables to minimize elevation of the temperature of the 
catalyst layer 21. Therefore, the apparatus can cope 
with any increases in load due to increased flow rate of 
the reformed gas. 

Embodiment 1-4 

[0082] The hydrogen purifying apparatus of Embodi- 
ment 1 -4 in accordance with the present invention will 
be described herein. As shown in FIG. 5, the hydrogen 
purifying apparatus in accordance with the present em- 
bodiment comprises a honeycomb first catalyst layer 31 
formed inside a reaction chamber 40 and a second cat- 
alyst layer 32 formed downstream from the first catalyst 
layer 31 . The operation and effect of the apparatus of 
this embodiment are mostly similar to those of the ap- 
paratus of Embodiment 1 . Therefore, the description of 
this embodiment will be focused on different features 
from those of Embodiment 1 . 

[0083] FIG. 5 is a schematic cross-sectional view il- 
lustrating the hydrogen purifying apparatus in Embodi- 
ment 1-4. The operable temperature range of the cata- 
lyst selectively oxidizing CO varies depending on the 
species of rare metal contained in the catalyst, type of 
carrier and the like. In the present embodiment, for the 
first catalyst layer 31 , a catalyst operable at high tem- 
peratures is used and for the second catalyst layer 32, 
a catalyst operable at low temperatures. More specifi- 
cally, a platinum-carrying zeolite was used for the first 
catalyst layer 31 and a platinum-carrying alumina for the 
second catalyst layer 32. 

[0084] As shown in FIG. 6, the catalyst operable at 
high temperatures for the first catalyst layer 31 selec- 
tively oxidizes only CO at a high success rate when the 
temperature is high and does not react with CO when 
the temperature is low, thus allowing non-reacted oxy- 
gen to pass away together with CO. Therefore, when 
the temperature is high, any oxygen is not supplied to 
the second catalyst layer 32 and therefore the second 
catalyst layer 32 can play no role in the reaction. To the 
contrary, when the temperature is low, since oxygen can 
pass through the first catalyst layer 31 together with CO, 
the second catalyst layer 32 can play a major role in the 
reaction thereby removing CO. Moreover, the reaction 
heat generated at the second catalyst layer 32 heats the 
downstream side of the first catalyst layer 31 , optimizing 
the temperature distribution of the first catalyst layer 31 . 
As such, arranging two or more catalyst layers each op- 
erating in a different temperature range helps to derive 
catalytic functions of the catalyst layers in a wide range 



of temperature. 

[0085] In the present embodiment, although two hon- 
eycomb catalyst layers were arranged, three or more 
catalyst layers may be arranged. Arrangement of many 
s catalyst layers may help to remove CO efficiently in a 
wide range of temperature. 

[0086] Alternatively, the catalyst layer may be unitary 
integrated without dividing it into the first and the second 
catalyst layers 31 and 32. Integration of the catalyst lay- 
io er facilitates the installation in the hydrogen purifying ap- 
paratus particularly when the catalyst layer comprises 
a pellet 

[0087] Alternatively, the second catalyst layer 32 may 
use a catalyst which catalyzes the reaction between CO 
is and hydrogen to form methane. When the temperature 
is controlled at a temperature at which the first catalyst 
layer 31 consumes all oxygen as supplied, the remain- 
ing CO can not be oxidized at the second catalyst layer 
32 due to depletion of oxygen. The use of the above- 
20 mentioned catalyst forming methane from CO helps to 
cause reaction between CO and hydrogen, thereby con- 
verting CO to methane. The methane forming reaction 
of CO is prone to proceed at higher temperature than 
the selective CO oxidation reaction. Therefore, the use 
25 of a heater 39 for heating the downstream side of the 
second catalyst layer as embodied in the present em- 
bodiment is preferable. 

Embodiment 1-5 

30 

[0088] The hydrogen purifying apparatus of Embodi- 
ment 1 -5 in accordance with the present invention will 
be described herein. As shown in FIG. 7, the hydrogen 
purifying apparatus in accordance with the present em- 

35 bodiment comprises a honeycomb first catalyst layer 51 
and a second catalyst layer 52 formed downstream from 
the first catalyst layer 51 which are formed inside a re- 
action chamber 62, wherein a second air supply duct 55 
is provided between the first and the second catalyst lay- 

40 ers 51 and 52. The operation and effect of the apparatus 
of this embodiment are mostly similar to those of the ap- 
paratus of Embodiment 1 . Therefore, the description of 
this embodiment will be focused on different features 
from those of Embodiment 1 . 

as [0089] FIG. 7 is a schematic cross-sectional view il- 
lustrating the hydrogen purifying apparatus in Embodi- 
ment 1-5. In the present embodiment, for the first cata- 
lyst layer 51 , a catalyst operable at low temperatures is 
used and for the second catalyst layer 52, a catalyst op- 

50 erable at high temperatures is used. When the first cat- 
alyst layer 51 is increased in temperature greatly due to 
reaction between CO and air, the catalyst loses the abil- 
ity to selectively oxidize CO occasionally. Therefore, air 
supply from a first air supply duct 54 to the first catalyst 

55 layer 51 is reduced by providing the second catalyst lay- 
er 52 and the second air supply duct 55 in order to sup- 
press temperature rises at the first catalyst layer 51 . As 
a result, CO can be removed efficiently. 
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[0090] Most CO can be removed at the first catalyst 
layer 51 . However, reduced air supply increases slightly 
the CO concentration to be exhausted compared to the 
case of no reduction of air supply. Therefore, air corre- 
sponding to the volume of remaining CO in the second 
catalyst layer 52 is supplied to remove the remaining 
CO. In the structure of this embodiment, since the first 
catalyst layer 51 is increased in the ability of selective 
oxidation of CO by the reduction of temperature rises at 
the first catalyst layer 51, total amounts of air required 
by the first and the second catalyst layers 51 and 52 will 
decrease. Moreover, since the amount of air containing 
oxygen to be supplied to the second catalyst layer 52 is 
small and the temperature rise due to oxidation heat of 
CO is small, the second catalyst layer 52 is heated with 
a heater 61 in order to retain an optimal temperature of 
the second catalyst layer 52. In this way, CO can be re- 
moved stably and efficiently. 

[0091] In the present embodiment, the first catalyst 
layer 51 was formed with the catalyst operating at low 
temperature and the second catalyst layer 52 with the 
catalyst operating at high temperature. However, this 
may be reversed. The use of the catalyst operating at 
high temperature for the first catalyst layer 51 reduces 
cooling by a heat exchanger 60. Moreover, the use of 
the catalyst operating at low temperature for the second 
catalyst layer 52 enables efficient removal of CO even 
if the temperature decrease is great due to heat radia- 
tion on the way from the first toward the second catalyst 
layers 51 and 52. 

[0092] In the foregoing embodiments, Embodiment 1 
of the present invention has been described. In the fore- 
going embodiments, although the hydrogen purifying 
apparatus used a reformed methane gas and a re- 
formed methanol gas, the present invention is not limit- 
ed to these gases and can encompass the below-men- 
tioned examples. 

[0093] In the present mode of embodiment, any re- 
formed gas obtained from other gaseous hydrocarbon 
fuel, such as propane or butane, and liquid hydrocarbon 
fuel, such as gasoline or kerosene may be used. 
[0094] In the foregoing embodiments, although the 
catalyst carrying platinum on an alumina carrier was 
mainly used for the catalyst layer, any catalyst can be 
used similarly if it can selectively oxidize CO. Applicable 
examples are noble metallic catalysts such as rhodium, 
ruthenium and composites of these catalysts, and tran- 
sition metal composite oxide catalyst having a per- 
ovskite structure. Moreover, silica alumina or zeolite 
may be used in place of alumina as the carrier. If occa- 
sion demands, a catalyst which forms methane from CO 
selectively may be used. 

[0095] In the foregoing embodiments, although the 
catalyst layer was a honeycomb, any shape such as 
spherical shape or pellet may be used similarly if only it 
allows the reformed gas to efficiently contact the catalyst 
and is less in increases of pressure loss. 
[0096] In the foregoing embodiments, although the re- 



formed gas was cooled by means of heat exchange 
while circulating water, cooling may be done by circulat- 
ing an oil substance such as ethylene glycol having a 
high boiling point or a mixed solution of such oil, if nec- 
s essary, depending on the temperature. Air to be sup- 
plied to the area where gas modification is carried out 
may be used to preheat the reformed material gas. 

Embodiment 2 

10 

[0097] In Embodiment 2 of the present invention, a 
branched pathway which bifurcates downstream from 
the connection between the reformed gas supply path- 
way and the oxidant gas supplying segment and is con- 
's nected to the reaction segment at the middle point of the 
catalyst layer and said branched pathway acts as said 
means for cooling the upstream side of the catalyst layer 
or otherwise for heating the downstream side of the cat- 
alyst layer. 

[0098] More specifically, a branched pathway is 
formed to vary the amount of oxidant gas to be supplied 
to the upstream side and the downstream side of the 
catalyst layer in the reaction segment. This structure en- 
ables control of the oxidation reaction of CO which gen- 
erates heat as appropriate. In other words, this structure 
reduces temperature rises of the catalyst and prevents 
development of catalyst reaction in the absence of ox- 
ygen. 

[0099] The hydrogen purifying apparatus having such 
structure is advantageous because it can be simplified 
by controlling the branched gas volume based on a ratio 
of the cross-sectional area of the reformed gas supply 
pathway to that of the branched pathway. 
[0100] The hydrogen purifying apparatus of Embodi- 
ment 2 in accordance with the present invention prefer- 
ably comprises means for changing the cross-sectional 
areas of both the reformed gas supply pathway and the 
branched pathway at their connection to the reaction 
segment in order to control the volume of the reformed 
gas to be introduced into the reaction segment from the 
reformed gas supply pathway and the branched path- 
way. 

[01 01] The reaction segment may have at least a two- 
segmented catalyst layer, wherein at least the upper- 
most catalyst layer has a part inoperable as a catalyst 
or a part with low reactivity to CO. 
[0102] Alternatively, the reaction segment may have 
at least a two-segmented catalyst layer, wherein at least 
the uppermost catalyst layer is composed of a catalyst 
pellet and the lowermost catalyst layer is shaped into a 
honeycomb. 

[0103] Alternatively, the reaction segment may have 
at least a two-segmented honeycomb catalyst layer, 
wherein the uppermost catalyst layer may be larger than 
the lowermost catalyst layer with respect to an open ar- 
ea of their honeycomb lattice. 

[01 04] It is also preferable that the uppermost catalyst 
layer comprises a platinum group metal supported by 
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an alumina group material and the lowermost catalyst 
layer comprises a platinum group metal supported by a 
zeolite group material. 

[01 05] It is also desirable that the catalyst comprising 
the uppermost catalyst layer is heated at a higher tem- 
perature than that of the catalyst comprising the lower- 
most catalyst layer. 

[0106] The catalyst layer is preferred to have a tem- 
perature measuring segment and means for controlling 
an amount of oxidant gas to be supplied according to 
the temperature as measured. 

[0107] As shown above, the hydrogen purifying appa- 
ratus in accordance with Embodiment 2 of the present 
invention is an apparatus for oxidizing and removing CO 
in a reformed gas containing CO in addition to a main 
component of hydrogen gas, comprising a reaction seg- 
ment having a catalyst layer for oxidizing CO, a re- 
formed gas supplying segment for supplying the re- 
formed gas to the reaction segment via a reformed gas 
supply pathway, an oxidant gas supplying segment for 
supplying an oxidant gas to the reformed gas on the path 
of the reformed gas supply pathway, and a branched 
pathway which bifurcates downstream from a connec- 
tion between the reformed gas supply pathway and the 
oxidant gas supplying segment and is connected to the 
reaction segment at the middle of the catalyst layer. The 
branched pathway functions as means for cooling the 
catalyst layer at the upstream side or otherwise heating 
it at the downstream side. 

[0108] When the reaction segment has a single cata- 
lyst layer, two or more reaction segments may be con- 
nected and a branched pathway may be formed on the 
reformed gas supply pathway to connect thereto not on- 
ly the upstream reaction segment but also the down- 
stream reaction segment. 

[0109] In another mode of the present invention, the 
hydrogen purifying apparatus comprises a catalyst re- 
action segment arranged with a multi-segmented cata- 
lyst layer, a reformed gas supplying segment connected 
to the catalyst reaction segment via a reformed gas sup- 
ply pathway, and an oxidant gas supplying segment 
connected halfway to the reformed gas supplying path- 
way. And, the apparatus is characterized in that a cata- 
lyst layer with reduced reactivity to CO is arranged on a 
first segment so as to avoid consumption of all oxygen 
mixed with the reformed gas by the first segment in order 
to enable a supply of oxygen as tar as a last or lower- 
most segment. 

[0110] In this structure, it is better to form a part in the 
first segment which does not function as a catalyst, that 
is, a part which allows the reformed gas mixed with ox- 
ygen to pass away without reacting thereto, or a part 
which is reactive more or less but low in reactivity to CO 
contained in the reformed gas. 

[0111] The part which does not have catalytic function 
may be formed on the catalyst layer by providing such 
a part that carries no catalyst. Otherwise, after forming 
the catalyst layer with a carrier carrying a catalyst and 



a support for supporting the carrier, an opening is 
formed on the support. 

[0112] The part with low reactivity to CO may be 
formed on the catalyst layer by providing a part carrying 
5 a reduced amount of catalyst. 

[0113] Reactivity of the catalyst layer to CO decreas- 
es with decreases in surface area of the catalyst layer. 
Therefore, it is better to form the first segment using a 
catalyst pellet and the lowermost segment using a hon- 
eycomb. 

[0114] When the catalyst layer is a honeycomb, the 
larger an open area of honeycomb lattice, the greater 
the reduction in reactivity of the catalyst , layer to CO. 
Therefore, it is better that the first segment is formed 
with a catalyst layer which is larger in open area of hon- 
eycomb lattice than that of the lowermost segment. 
[0115] In the hydrogen purifying apparatus of the 
above-mentioned structure, it is advantageous to form 
the downstream segment with a catalyst layer which ex- 
erts the catalytic activity at higher temperatures than the 
first segment because this results in stable CO cleanup 
performance. 

[0116] This is because a provision of a catalyst layer 
which exerts the catalytic activity in the same range of 
temperature as the first segment downstream from the 
first segment reduces the ability of the downstream seg- 
ment to selectively oxidize CO, unless the reformed gas 
entering the downstream segment is cooled. 
[0117] Therefore, it is better to use a catalyst layer 
carrying a platinum group metallic catalyst on an alumi- 
na carrier for the first segment and a catalyst layer car- 
rying a platinum group metallic catalyst on a zeolite car- 
rier which exerts the catalytic activity in higher temper- 
atures than the first segment for the terminal segment. 
[0118] It is also better to use a catalyst layer which 
has been heat-treated at a higher temperature than the 
terminal segment for the first segment because any cat- 
alyst which has been heated at high temperature is re- 
duced in the active points and the active range of tem- 
perature is lowered. For example, when the catalyst lay- 
er carries platinum on an alumina carrier, it is better to 
use a catalyst layer which has been heat-treated at 700 
°C to 800 °C for the first segment and a catalyst layer 
which has been heated at 500 °C or so for the terminal 
segment. 

[011 9] Furthermore, controlling the volume of oxidant 
gas to be supplied based on the temperature of the cat- 
alyst layer as measured by the temperature measuring 
segment connected to the catalyst layer is effective for 
regulating elevation in temperature of the catalyst layer 
[0120] In the following, Embodiment 2 in accordance 
with the present invention will be described referring to 
the drawings. 



[01 21] FIG. 8 illustrates the structure of the hydrogen 
purifying apparatus in Embodiment 2-1 . 
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[0122] A catalyst reaction segment 103 is connected 
to a material gas supply pathway 105 connected to a 
material gas supplying segment 1 01 , a material gas ex- 
haust duct 109 connected to a fuel cell, and a branched 
pathway 108. 

[0123] The catalyst reaction segment 103 accommo- 
dates a first catalyst layer 103a and a second catalyst 
layer 103b upstream from the gas flow toward down- 
stream in this order. A temperature measuring segment 
1 04a for measuring and indicating a temperature of the 
first catalyst layer 103a and a temperature measuring 
segment 104b for measuring and indicating a tempera- 
ture of the second catalyst layer 103b are also accom- 
modated. 

[01 24] Each of the first and the second catalyst layers 
1 03a and 1 03b is composed of a catalyst layer carrying, 
for example, a platinum group metallic catalyst on a hon- 
eycomb carrier. A column filled with a platinum group 
metallic catalyst shaped into a pellet may also be used. 
[0125] The branched pathway 108 is open into the 
catalyst reaction segment 103 downstream from the first 
catalyst layer 1 03a and upstream from the second cat- 
alyst layer 103b. 

[0126] A joint 106 for supplying air entering from an 
oxidant gas supplying segment 102 is formed on the 
path of the material gas supply pathway 105. A 
branched volume control segment 1 07 connected to the 
branched pathway 108 is formed between the joint 106 
and the catalyst reaction segment 1 03 to control the vol- 
ume of material gas to be passed to the branched path- 
way 108. 

[0127] The material gas supplying segment 101 has 
an apparatus for supplying a reformed (material) gas 
which supplies hydrogen gas and contains at least a by- 
product CO. This supplying apparatus is a reactor which 
reforms, for example, hydrocarbon material gas, alcohol 
or naphtha with steam to generate hydrogen. 
[01 28] An apparatus for supplying an oxidant gas con- 
taining at least oxygen is installed inside the oxidant gas 
supplying segment 2. This apparatus may be exempli- 
fied as air pump supplying air as the oxidant gas, oxygen 
bomb, etc. 

[01 29] Next, operations of the hydrogen purifying ap- 
paratus in accordance with Embodiment 2 of the present 
invention will be described. 

[0130] A material gas which has been generated in 
the material gas supplying segment 101 is supplied to 
the catalyst reaction segment 103 through the material 
gas supply pathway 1 05 while supplying air from the ox- 
idant gas supplying segment 102 through the joint 106 
at the same time. At that time, the volume (mole) of ox- 
ygen contained in the air may be adjusted to, for exam- 
ple, half the volume of CO in the material gas. 
[0131] Some part of the material gas mixed with oxy- 
gen enters the upstream side of the first catalyst layer 
103a in the catalyst reaction segment 103 through the 
material gas supply pathway 105. The remaining part 
enters the downstream side of the first catalyst layer 



1 03a through the branched pathway 1 08 and mixed with 
the material gas which has passed through the first cat- 
alyst layer 103a. The volume of the material gas enter- 
ing the material gas supply pathway 105 and the 
5 branched pathway 1 08 is regulated by the branched vol- 
ume control segment 107. 

[0132] Then, the material gas mixture is passed to the 
second catalyst layer 103b to oxidize and remove CO 
in the material gas there. The material gas from which 
10 CO has been removed and cleaned up is supplied to the 
fuel cell through the material gas exhaust duct 109. 
[0133] As such, by branching the material gas mixed 
with oxygen to clean up some part of the material gas 
at the first catalyst layer, the amount of heat generating 
is at the first catalyst layer can be reduced. 

[0134] Furthermore, since the material gas which 
avoids the first catalyst layer is passed to the second 
catalyst layer, temperature rise in the material gas en- 
tering the second catalyst layer can be prevented. This 
in turn suppresses temperature rise in the second cat- 
alyst layer. Furthermore, this structure facilitates supply 
of oxygen necessary for cleaning up the material gas by 
removing CO at the second catalyst layer thereby pre- 
venting depletion of oxygen during catalyst reaction at 
the second catalyst layer. 

[0135] As discussed above, the present embodiment 
allows the catalyst which selectively oxidizes CO to ex- 
ert the catalytic activity sufficiently and facilitates remov- 
al of more amounts of CO, that is, cleanup of the material 
gas flowing at a high rate. 

[0136] Furthermore, since this embodiment permits 
the monistic control of the volume of air to be supplied, 
an exact volume of air can be supplied and thus con- 
sumption of hydrogen gas by excess oxygen can be pre- 
vented. 

[0137] The volume of material gas passing through 
the upstream side of the first catalyst layer 103a and 
that passing through the branched pathway 108 may be 
controlled based on a ratio of the cross-sectional area 
of the material gas supply pathway 105 to that of the 
branched pathway 108 without forming the branched 
volume control segment 107. For example, when the ra- 
tio is set at 1 : 1 , the material gas is branched in half. 
[0138] The above structure facilitates simplified con- 
trol of the catalyst layer in an optimal range of temper- 
ature. 

[0139] This structure also facilitates control of the cat- 
alyst layer temperature with high accuracy by adjusting 
the branched volume of material gas based on the tem- 
perature measured by the catalyst layer temperature 
measuring segment 1 04. This is advantageous in clean- 
ing up CO in correspondence with a change in the flow 
rate of hydrogen. 

[0140] An oxygen volume (mole) in the air to be sup- 
plied less than half the volume of CO in the material gas 
is more likely to lead to depletion of oxygen. Therefore, 
it is better to determine the air volume to be supplied to 
make an oxygen volume more than half the volume of 
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CO. 

[0141] Next, a specific example of operation of the hy- 
drogen purifying apparatus in accordance with Embod- 
iment 2 will be described. 

[01 42] A steam reforming apparatus for natural gas is s 
used as a material gas generator of the material gas 
supplying segment 1 01 . A material gas containing about 
80% hydrogen, about 19.5% carbon dioxide and about 
0.5% carbon monoxide on the basis of dry gas was gen- 
erated. The resultant material gas was passed to the io 
material gas supply pathway 105 at a rate of 10 t/min. 
[0143] Air containing oxygen about twice the volume 
of CO was supplied to the material gas through the joint 
106 using an air pump installed at the oxidant gas sup- 
plying segment 102. ' 5 
[0144] After mixed with air, the material gas was 
branched in about half by the branched volume control 
segment 107. The branched half was passed to the up- 
stream side of the first catalyst layer 1 03a in the catalyst 
reaction segment 103. 20 
[01 45] Gas analysis of the material gas collected after 
it had passed through the first catalyst layer 103a indi- 
cated that the material gas contained 10 ppm CO or 
less. Similar analysis of the material gas collected after 
it was mixed with the branched material gas indicated 25 
that the material gas mixture contained about 0.25% CO 
and oxygen about twice the volume of CO. 
[01 46] Gas analysis of the material gas excreted from 
the material gas exhaust duct 109 revealed the pres- 
ence of 10 ppm CO or less in the material gas. 30 
[0147] A doubling of the volume of material gas to be 
supplied also decreased the CO concentration in the 
material gas to as low as 10 ppm or less. 

Embodiment 2-2 35 

[0148] FIG. 9 illustrates the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-2 
of the present invention. 

[0149] A first catalyst reaction segment 111 is formed *o 
upstream from the material gas stream and a second 
catalyst reaction segment 1 1 4 downstream from the ma- 
terial gas stream. The first and the second reaction seg- 
ments are connected to each other via a communicating 
pathway 113. 

[0150] While the first catalyst reaction segment 111 is 
connected to a material gas supply pathway 105 which 
is connected to the material gas supplying segment 101 , 
and the second catalyst reaction segment 114 is con- 
nected to a material gas exhaust duct 1 09 which is con- so 
nected to a fuel cell. A branched pathway 1 08 bifurcating 
from the material gas supply pathway 105 is connected 
to the communicating pathway 113 at a junction 110, 
[0151] A first catalyst layer 111a and a temperature 
measuring segment 1 1 2 for measuring the temperature ss 
of the first catalyst layer 111a are formed in the first cat- 
alyst reaction segment 111 . Similarly, a second catalyst 
layer 114a and a temperature measuring segment 115 



for measuring the temperature of the second catalyst 
layer 114a are formed in the second catalyst reaction 
segment 114. The remaining parts are formed in the 
same manner as in Embodiment 2-1. 
[01 52] A division of the catalyst reaction segment into 
two parts facilitates effectively mixing the material gas 
which has passed through the first reaction segment 
with the material gas which is supplied through the 
branched pathway 1 08. This structure also facilitates ef- 
fectively cooling the material gas which has been heated 
at the first catalyst reaction segment whereby cleanup 
of CO can be performed stably. 

Embodiment 2-3 

[0153] FIG. 10 shows the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-3 
of the present invention. 

[0154] A catalyst reaction segment 116 is connected 
not only to a material gas supply pathway 1 05 which is 
connected to a material gas supplying segment 101 but 
also to a material gas exhaust duct 109 which is con- 
nected to a fuel cell. 

[0155] The catalyst reaction segment 116 accommo- 
dates therein a first catalyst layer 116a and a second 
catalyst 116b upstream from the catalyst reaction seg- 
ment 1 1 6 toward downstream in this order. The catalyst 
reaction segment 116 also accommodates a tempera- 
ture measuring segment 119a for measuring and indi- 
cating the temperature of the first catalyst layer 116a 
and a temperature measuring segment 119b for meas- 
uring and indicating the temperature of the second cat- 
alyst layer 116b. The first catalyst layer 116a has a cat- 
alyst-free part 116c at the periphery. A joint 106 for sup- 
plying air from an oxidant gas supplying segment 102 is 
formed on the path of the material gas supply pathway 
105. Identical apparatuses to those of Embodiment 2-1 
are installed in the material gas supplying segment 101 
and the oxidant gas supplying segment 102. 
[01 56] In the present embodiment, the material gas is 
not branched after it is supplied and mixed with air in 
order to pass all the material gas to the catalyst reaction 
segment 116 and the first catalyst layer has the catalyst- 
free part 1 1 6c. 

[0157] Since oxidation reaction does not occur at the 
catalyst-free part 116c, the material gas which has 
passed through this part is not elevated in temperature. 
Moreover, no oxygen is consumed at this part. There- 
fore, sufficient and stable cleanup of CO can be per- 
formed at the second catalyst layer 116b. 
[0158] Omission of a branched pathway on the flow 
pathway of material gas which has been supplied and 
mixed with the oxidant gas simplifies the structure of the 
resultant hydrogen purifying apparatus. 
[01 59] The position of the catalyst -free part in the cat- 
alyst layer is not limited to the periphery of the catalyst 
layer and it may be positioned at any site in the catalyst 
layer, such as center, for example. 
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[01 60] The volume of material gas which has not been 
treated and is to be passed to the second catalyst layer 
can be regulated based on a ratio of area of the catalyst - 
carrying part of the catalyst layer to that of the catalyst- 
free part. 

[0161] For example, when the ratio is 1:1 to 1:10 or 
so, cleanup of CO can be performed stably 
[0162] In the following, an example of concrete oper- 
ations of the hydrogen purifying apparatus of this em- 
bodiment will be described. 

[01 63] After setting the ratio of the area of the catalyst- 
carrying part 116a to that of the catalyst-free part 116c 
at 1 : 1 , air was supplied to the material gas generated in 
the same manner as in Embodiment 2-1. The material 
gas was passed into the catalyst reaction segment 116 
in order to treat the material gas. Gas analysis of the 
material gas excreted from the material gas exhaust 
duct 109 indicated that the material gas contained 10 
ppm CO or less. 

[0164] Then, even when the supplied amount of ma- 
terial gas was doubled, a CO concentration of 1 0 ppm 
or less could be achieved. 

[0165] The ratio of the area of the catalyst-carrying 
part to that of the catalyst-free part should desirably be 
determined in correspondence with the cleaning up abil- 
ity of the catalyst used and it is not limited to the range 
of 1:1 to 1:10. 

Embodiment 2-4 

[0166] FIG. 11 illustrates the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-4 
of the present invention. 

[0167] A catalyst reaction segment 117 is connected 
to both a material gas supply pathway 105 which is con- 
nected to a material gas supplying segment 101 and a 
material gas exhaust pathway 109 which is connected 
to a fuel cell. 

[0168] The catalyst reaction segment 117 accommo- 
dates a first catalyst layer and a second catalyst layer 
117b upstream from the catalyst reaction segment to 
downward in this order. The first catalyst layer is com- 
posed of a catalyst carrying part 117a which carries a 
platinum group metallic catalyst and a support 117c 
formed on the periphery of the catalyst carrying part 
117a. The support has an air vent hole 117d. The cata- 
lyst reaction segment 117 also accommodates a tem- 
perature measuring segment 120a for measuring and 
indicating the temperature of the catalyst carrying part 
117a and a temperature measuring segment 120b for 
measuring and indicating the temperature of the second 
catalyst layer 117b. The remaining parts are arranged 
in the same manner as in Embodiment 2-3. 
[0169] Since the material gas which has passed 
through the air vent hole 11 7d is not elevated in temper- 
ature and has consumed no oxygen, the second catalyst 
layer can clean up CO sufficiently. 
[0170] When a ratio of the total area of the air vent 



hole 117d to the area of the catalyst carrying part 117a 
is 1:1 to 1:10 or so, CO cleanup can be done stably; 
however, the ratio should desirably be determined in 
correspondence with the cleaning up ability of the cata- 
s lyst used and is not limited to the range of 1 :1 to 1 :10. 

Embodiment 2-5 

[0171] FIG. 12 illustrates the structure of the hydrogen 
io purifying apparatus in accordance with Embodiment 2-5 
of the present invention. 

[0172] A catalyst reaction segment 118 is connected 
to a material gas supply pathway 105 which is connect- 
ed to a material gas supplying segment 101 and a ma- 
terial gas exhaust duct 1 09 which is connected to a fuel 

cell. 

[0173] The catalyst reaction segment 118 accommo- 
dates therein a first catalyst layer 118a and a second 
catalyst layer 118b upstream from the catalyst reaction 
segment 1 18 to downward in this order. The catalyst re- 
action segment 118 also accommodates a temperature 
measuring segment 121a for measuring and indicating 
the temperature of the first catalyst layer 118a and a 
temperature measuring segment 120b for measuring 
and indicating the temperature of the second catalyst 
layer 118b. For the first catalyst layer 118a, a catalyst 
layer with a less number of honeycomb lattices per unit 
area than that of the second catalyst layer 118b is used. 
The remaining parts are arranged in the same manner 
as in Embodiment 2-3. 

[0174] The use of such catalyst layer with reduced re- 
activity to CO for the first catalyst layer prevents con- 
sumption of all oxygen supplied to the material gas at 
the first catalyst layer and thus allows oxygen to be 
passed to the second catalyst layer. This structure also 
enables suppression of temperature rise at the first cat- 
alyst layer thereby suppressing temperature rise of the 
material gas when it passes through the second catalyst 
layer. As a result, cleanup of CO can be done sufficiently 
at the second catalyst layer. 

[01 75] The first catalyst layer 1 1 8a may be formed us- 
ing a catalyst layer shaped in a pellet and the second 
catalyst layer 118b using a catalyst layer carrying a cat- 
alyst on a honeycomb carrier. 

Embodiment 2-6 

[0176] FIG. 1 3 illustrates the structure of the hydrogen 
purifying apparatus in accordance with Embodiment 2-6 
of the present invention. 

[0177] A catalyst reaction segment 122 is connected 
to a material gas supply pathway 105 which is connect- 
ed to a material gas supplying segment 101 , a material 
gas exhaust duct 109 which is connected to a fuel cell, 
and a branch 108. 

[01 78] The catalyst reaction segment 1 22 accommo- 
dates a catalyst layer 1 23 and a temperature measuring 
segment 1 24 for measuring and indicating the temper- 
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ature of the catalyst layer 1 23. The catalyst layer 1 23 is 
a column tilled with a platinum group metallic catalyst 
shaped in a pellet. The branched pathway 1 08 is con- 
nected to the catalyst reaction segment 122 on a side 
of the catalyst layer 123. The remaining parts are ar- 
ranged in the same manner as in Embodiment 2-1 . 
[0179] Such structure reduces heat generation at the 
catalyst layer 123. Furthermore, since material gas 
which has been branched on the way to the catalyst lay- 
er 1 23 is supplied to the middle of the catalyst layer 1 23, 
CO in the reformed gas can be cleaned up sufficiently. 
[0180] In the following, examples of Embodiment 1 in 
accordance with the present invention will be described. 

Example 1 

[0181] An alumina carrying platinum was coated on a 
codierite honeycomb of 50 mm diameter and 100 mm 
length to form the catalyst layer 1. The catalyst layer 1 
thus formed was placed in the reaction chamber 9 of the 
hydrogen purifying apparatus as shown in FIG. 1 and 
then a reformed gas containing 1% CO, 15% carbon di- 
oxide, 15% water vapor and hydrogen for the rest was 
introduced into the apparatus through the reformed gas 
inlet 2 at a rate of 10 l/min. Open air was supplied from 
the air supply duct at 1 l/min. The temperature of the 
mixed reformed gas with air was cooled to 100 °C with 
the heat exchanger 7 in which water is circulated to 
cause reaction between CO and oxygen at the catalyst 
layer 1. The catalyst layer 1 was heated with the heater 

8 at the downstream side to make a temperature of 1 50 
°C. Measurement of temperature distribution on the cat- 
alyst layer 1 indicated an almost linear elevation from 
upstream side toward downstream. The composition of 
the reformed gas which was excreted from the reformed 
gas outlet 10 after it had passed through the catalyst 
layer 1 was measured by gas chromatography. The re- 
sult indicated a CO concentration of 5 ppm. Then, the 
flow rate of water circulating inside the heat exchanger 
7 was varied to alter the temperature of the reformed 
gas to 90 °C and 80 'C. The CO concentration in the 
resultant reformed gas was 6 ppm and 9 ppm, respec- 
tively. Then, the set temperature of the heater 8 was var- 
ied to adjust the temperature of the downstream side of 
the catalyst layer 1 to 140 'C and 160 °C. The CO con- 
centration in the resultant reformed gas was 4 ppm and 

9 ppm, respectively. 

Example 2 

[0182] In this example, the catalyst layer as formed in 
the above Example 1 was installed inside the reaction 
chamber 18 as shown in FIG. 3 and a reformed gas was 
introduced into the apparatus through the reformed gas 
inlet 12. Measurement of the temperature of the re- 
formed gas at the reformed gas inlet 1 2 showed 200 °C. 
Measurement of the temperature of the downstream 
side of the catalyst layer 11 which had been heated by 



the heat exchange fin 20 showed 150 'C. Then, the re- 
formed gas was cooled down to 100 °C using the heat 
exchanger 17 and reacted at the catalyst layer 11 . This 
produced a CO concentration of 5 ppm. 

Example 3 

[0183] As shown in FIG. 4, a codierite honeycomb 
base of 100 mm diameter and 100 mm length having a 
punched hole of 80 mm diameter in the center was coat- 
ed with an identical catalyst to that in Example 1 to form 
the catalyst layer 21. Measurement of the temperature 
of the downstream side of the catalyst layer 11 which 
had been heated by the heat exchange fin 30 showed 
1 50 °C. Then, the reformed gas was cooled down to 1 00 
°C using the heat exchanger 27 and reacted at the cat- 
alyst layer 21. This produced a CO concentration of 4 
ppm. 

Example 4 

[01 84] A codierite honeycomb of 50 mm diameter and 
50 mm length was coated with platinum -carrying mor- 
denite to form the first catalyst layer 31 . Similarly, a codi- 
erite honeycomb of the same size was coated with plat- 
inum-carrying alumina to form the second catalyst layer 
32. The first and the second catalyst layers 31 and 32 
thus formed were placed in the reaction chamber 40 as 
shown in FIG. 5. Then, the modified gas was cooled 
down to 1 40 °C using the heat exchanger 38. The tem- 
perature of the second catalyst layer 32 was controlled 
with a heater 39 such that the downstream side had a 
temperature of 160 °C. Measurement of the tempera- 
ture of the downstream side of the first catalyst layer 31 
showed 150 °C. Measurement of the CO concentration 
at the reformed gas outlet 41 indicated 1 ppm. 

Example 5 

[01 85] In this example, a codierite honeycomb meas- 
uring 50 mm in diameter and 50 mm in length was coat- 
ed with platinum-carrying mordenite to form the first cat- 
alyst layer 51. Similarly, a codierite honeycomb of the 
same size was coated with platinum-carrying alumina 
to form the second catalyst layer 52. Both the first and 
the second catalyst layers 51 and 52 were installed in 
the reaction chamber 62 as shown in FIG. 7. The re- 
formed gas was cooled down to 150 °C using the heat 
exchanger 60. The temperature of the second catalyst 
layer 52 was controlled with the heater 61 such that the 
downstream side had a temperature of 130 °C. Meas- 
urement of the temperature at the downstream side of 
the first catalyst layer 51 and the upstream side of the 
second catalyst layer 52 indicated 140 'C for the former 
and 100 'C for the latter. Measurement of the CO con- 
centration at the reformed gas outlet 63 showed 2 ppm. 
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Comparative Example 1 2. 

[0186] After omitting the heater 8 from the apparatus 
of Example 1 , the modified gas was introduced into the 
apparatus through the reformed gas inlet 2 in the same s 
manner as in Example 1 . The reformed gas was cooled 
down to 1 00 °C using the heat exchanger 7 and reacted 3. 
at the catalyst layer 1 . Measurement of the temperature 
distribution in the catalyst layer 1 showed a temperature 
of 100 °C at the upstream side. The temperature io 
showed a linear decrease toward downstream and the 
temperature was 90 'C at the lowermost. Gas chroma- 
tography of the composition of the reformed gas excret- 
ed from the reformed gas outlet 10 after it had passed 
through the catalyst layer 1 indicated a CO concentra- is 4. 
tion of 2,000 ppm. Then, the flow rate of the circulating 
water in the heat exchanger 7 was changed to vary the 
temperature of the reformed gas to 90 °C, 110 °C and 
120 °C. These temperatures produced CO concentra- 5. 
tions of 5,000 ppm, 200 ppm and 500 ppm, respectively. 20 

Comparative Example 2 

[0187] The heater 61 was omitted from the apparatus 
of Example 5. Measurement of the temperature at the 25 6. 
downstream side of the first catalyst layer 51 , and at the 
upstream side and downstream side of the second cat- 
alyst layer 52 indicated 140 'C, 100 'C and 90 °C, re- 
spectively. The CO concentration measured at the re- 
formed gas outlet 63 was 500 ppm. so 7. 
[0188] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those .35 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 8. 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 

Claims 

9. 

1 . A hydrogen purifying apparatus for oxidizing and re- *s 
moving carbon monoxide in a reformed gas contain- 
ing carbon monoxide in addition to a main compo- 
nent of hydrogen gas, comprising a reaction seg- 
ment having a catalyst layer for oxidizing carbon 
monoxide, a reformed gas supplying segment for so 10. 
supplying said reformed gas to said reaction seg- 
ment via a reformed gas supply pathway, an oxidant 
gas supplying segment for supplying an oxidant gas 
on the path of said reformed gas supply pathway, 
means for cooling said catalyst layer at the up- ss 
stream side, and means for heating said catalyst 11. 
layer at the downstream side. 



The hydrogen purifying apparatus in accordance 
with claim 1, wherein said means for cooling said 
catalyst layer at the upstream side is a water-cooled 
apparatus and said means for heating said catalyst 
layer at the downstream side is a heater. 

The hydrogen purifying apparatus in accordance 
with claim 2, wherein said upstream side of said cat- 
alyst layer is formed by a different catalyst from that 
of said downstream side, and the catalyst constitut- 
ing said downstream side exerts the activity at lower 
temperature than the catalyst constituting said up- 
stream side. 

The hydrogen purifying apparatus in accordance 
with claim 3, wherein said catalyst is supported by 
a metallic material. 

The hydrogen purifying apparatus in accordance 
with claim 2, wherein said heating means utilizes 
reaction heat generated by reaction of carbon mon- 
oxide and hydrogen in said reformed gas with said 
oxidant gas. 

The hydrogen purifying apparatus in accordance 
with claim 2, wherein a supplying amount of said 
oxidant gas is changed in correspondence with a 
temperature of said catalyst layer. 

The hydrogen purifying apparatus in accordance 
with claim 2, wherein a flow pathway of said re- 
formed gas is formed at a position close to or in 
close contact with said catalyst layer via a partition 
so as to heat said down stream side of said catalyst 
layer by a contact with said reformed gas before the 
passage through said cooling means. 

The hydrogen purifying apparatus in accordance 
with claim 7, wherein said reformed gas passes 
through said catalyst layer in an opposing direction 
of stream to that before the same passes through 
said cooling means. 

The hydrogen purifying apparatus in accordance 
with claim 7, wherein said reaction segment is 
placed on the periphery of said flow pathway of said 
reformed gas before the passage through said cat- 
alyst layer. 

The hydrogen purifying apparatus in accordance 
with claim 8, wherein said reaction segment is tube- 
shaped and said flow pathway of said reformed gas 
before the passage through said cooling means is 
formed around said reaction segment. 

The hydrogen purifying apparatus in accordance 
with claim 10, wherein two or more reaction seg- 
ments are connected in parallel. 
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12. The hydrogen purifying apparatus in accordance 
with claim 1 , wherein a branched pathway is formed 
which bifurcates downstream from a connection be- 
tween said reformed gas supply pathway and said 
oxidant gas supply pathway and is connected to s 
said reaction segment at the middle point of said 
catalyst layer, said branched pathway acting as said 
means for cooling the upstream side of said catalyst 
layer or otherwise said means for heating the down- 
stream side of said catalyst layer. 10 

13. The hydrogen purifying apparatus in accordance 
with claim 12, further comprising means for chang- 
ing the cross-sectional area of said reformed gas 
supply pathway and said branched pathway at their is 
connection to said reaction segment in order to con- 
trol an amount of reformed gas to be supplied to 
said reaction segment from said reformed gas sup- 
ply pathway and said branched pathway. 

20 

14. The hydrogen purifying apparatus in accordance 
with claim 1 3, wherein said reaction segment has 
at least a two-segmented catalyst layer and at least 
the uppermost catalyst layer has a part with no cat- 
alytic function or a part with low reactivity to CO. 25 

15. The hydrogen purifying apparatus in accordance 
with claim 1 3, wherein said reaction segment has 
at least a two-segmented catalyst layer, and at least 

the uppermost catalyst layer is composed of a cat- 30 
alyst pellet and the lowermost catalyst layer has a 
shape of a honeycomb. 

16. The hydrogen purifying apparatus in accordance 
with claim 1 3, wherein said reaction segment has 35 
at least a two-segmented honeycomb shaped cat- 
alyst layer, and the uppermost catalyst layer is larg- 
er than the lowermost side catalyst layer with re- 
spect to an open area at the honeycomb lattice. 

40 

17. The hydrogen purifying apparatus in accordance 
with claim 14, wherein the uppermost catalyst layer 
comprises a platinum group metal supported by the 
alumina group material and the lowermost catalyst 
layer comprises a platinum group metal supported *s 
by the zeolite group material. 

18. The hydrogen purifying apparatus in accordance 
with claim 14, wherein said uppermost catalyst lay- 
er comprises a catalyst which was heated at a high- 50 
er temperature than that of said lowermost catalyst 
layer. 

19. The hydrogen purifying apparatus in accordance 
with claim 14, wherein said catalyst layer obtains a 55 
temperature measuring apparatus segment and 
means for controlling a supplying amount of said ox- 
idant gas according to a temperature as measured. 
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